This study describes the clustering patterns of several lifestyle-related factors in urban Japanese subjects. The effect of aging on these patterns was also investigated. Data of 8 factors that included body mass index (BMI), blood pressure (BP), fasting plasma glucose (FPG), serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDLc), gamma-glutamyl-transferase (GGT), and cigarette smoking were analyzed for 12,525 individuals (4,591 men and 7,934 women) aged either 40, 50, or 60 years. Factor analysis showed eight factors clustered into 3 unrelated groups. BMI and BP were excluded in subjects aged 60 years. Our data showed that the effect of obesity on the prevalence of type 2 diabetes mellitus was age dependent. In spite of the established inverse relationship between TG and HDLc, we found that TG had an association with GGT. These results indicated that aging may have a major influence on the expression of multiple risk factors. The influence of BMI on the lifestyle-related factors appeared to be mostly expressed in younger people, while these factors appeared to be independent of BMI at age 60. J Atheroscler Thromb, 2005; 12: 29-34.
Introduction
The association of lifestyle-related diseases such as obesity, hyperglycemia (HG), hypertension (HT), and dyslipidemia is termed the multiple metabolic syndrome or insulin resistance syndrome (1) (2) (3) (4) . It remains unclear whether the metabolic syndrome is a unified construct of underlying pathological pathways. Previous reports have shown the relationship between BMI and other coronary risk factors may differ with age (5) (6) (7) (8) (9) . In order to examine the clustering of multiple risk factors, several other studies have used factor analysis, however the results of these investigations have been inconsistent (10) (11) (12) (13) (14) (15) (16) (17) . In the present study, we examined the effect of aging on these relationships in urban Japanese people.
Methods
Between 2002 and 2003, subjects who had reached the age of either 40, 50, or 60 years were invited during their birthday month to undergo a routine health examination at public health centers in the north eastern area of Tokyo (18, 19) . In this study population, 12,525 subjects (4,591 men and 7,934 women) who provided complete data on the variables examined in this study were included in analyses. All data were processed using serial numbers in order to safeguard the identity and personal information of the study population.
Measurements
The health examination was conducted between 9:00 and 10:00 AM after an overnight fast. Weight (kg) and height (cm) were measured in indoor clothing without shoes. Blood pressure (BP, mmHg) was measured in duplicate on the right arm with an automated sphygmomanometer BP-203 RVII (Nihon Colin, Aichi, Japan) after the subjects had been seated for 5 min. Venous blood was drawn from the subjects in the seated position. Serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDLc), gamma-glutamyltransferase (GGT), and fasting plasma glucose (FPG) levels were analyzed enzymatically using an automated spectrophotometer model JCA-HR 2400 (JEOL, Tokyo, Japan). Body mass index (BMI) was calculated as body weight (kg) divided by height squared (m 2 ). Obesity was diagnosed as BMI ≥ 25 kg/m 2 . Hypertension was diagnosed as a systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg. Hyperglycemia (HG) was diagnosed as a fasting plasma glucose (FPG) ≥ 110mg/dl. Hypertriglyceridemia, as a serum TG ≥ 150 mg/dl, and hypercholesterolemia as a serum TC ≥ 220 mg/dl (20) (21) (22) (23) .
Statistical Analysis
The χ 2 test was used to examine the effect of obesity on the prevalence of HG. A factor analysis was conducted to investigate relationships between the risk factors. These analyses included data on BMI, FPG, mean blood pressure (MBP), TC, TG, HDLc, GGT, and years of cigarette smoking. Values for FPG, TG, and GGT were logarithmically transformed in the factor analysis.
Factor analysis
Factor analysis, a linear method of data reduction, is used to investigate relationships between several correlated variables by identifying underlying factors (24) . Factor analysis consists of a three-step process: 1) extraction of the initial components, 2) rotation of the components, and 3) interpretation of the factors.
Principal component analysis
Principal component analysis was used to extract the initial set of components. While, there may be as many principal components as original variables, generally a few major components account for the majority of the total variation in the data set. Only components with eigenvalues greater than 1.0 were used in the analysis.
Rotation of principal components
Each of the components was rotated in order to elucidate their contribution to the development of the metabolic syndrome. An orthogonal rotation (Varimax rotation) was used to obtain factors with an independent effect. The rotation maintains the independence between the factors. Variables with a factor loading greater than or equal to 0.30 were used for interpretation. The final number of factors satisfying this criteria was 3.
The Kaiser-Meyer-Olkin (KMO) method was used as a measure of sampling adequacy while the Bartrett test of sphericity was used as a measure of the necessity to perform a factor analysis. The analyses were performed using the statistical package SPSS 11.0 (SPSS Japan, Tokyo, Japan). Tables 1 and 2 show the age-adjusted prevalence of the coronary risk factors. In men, the prevalence of obesity was 37.3% at age 40 and 38.5% at age 50. This prevalence decreased significantly (p < 0.001) to 33.9% by age 60. In women, the prevalence of obesity at age 40 was 16.9% and increased significantly (p < 0.001) to 25.3% by age 50. There was also a significant increase in the number of subjects with HG and HT between the age of 40 and 60 in both men and women. Table 3 shows the age-related correlation matrix between BMI and other coronary risk factors. The correlation coefficients decreased with age for the six coronary risk factors. Table   Table 1 Factor analysis was undertaken and included data on all 8 variables. The parameters chosen were associated with three distinct independent factors. At age 40 and 50, factor I was associated with factors for MBP, FPG, BMI, and GGT (Table 5, 6, Fig. 1 ). Factor II was interpreted as TC and was associated with TC, TG, and GGT. GGT was associated with factor I and II, while TG was associated with factor II and III. Factor III was interpreted as a mirror image of TG and HDLc. At age 60, BMI and MBP did not show any significance in the factor analysis ( Table 7 , Fig. 2 ). Factor I interpreted as FPG was associated with FPG, TG, GGT, and cigarette smoking. Factor II was characterized by TC, while factor III was characterized by factor loadings for TG, and HDLc. Factor III was interpreted as a reciprocal relationship between TG and HDLc. TG was associated with both factors I and III.
Results

Discussion
Lifestyle-related diseases such as obesity, diabetes mellitus (DM), hypertension (HT), and dyslipidemia are well established coronary risk factors (1). The association of these clinical conditions in middle-aged adults is called the multiple metabolic syndrome or insulin resistance syndrome (2) (3) (4) . Although these disorders are often clustered in individuals, the mechanism for this clustering is not well understood (10) (11) (12) . Factor analysis reduces a large set of measured risk variables into a smaller set of underlying latent factors (13) (14) (15) (16) (17) 24) . A cluster pattern of these variables could be different in men and women, as the number of coronary heart disease events may be substantially smaller in women. In the present study, the ratio of men/women adjusted to 1/1.7-1.8 in all three age groups.
In the present study, the relative risk of HG in obese subjects decreased from 7.0 at age 40 (p < 0.01) to 3.3 (p < 0.01) at age 50 and 2.2 (p < 0.01) at age 60 (Table 4 ). This finding, that the effect of obesity on the prevalence of HG is most pronounced at age 40 is in accordance with the study of Wakabayashi who demonstrated that the relationship between BMI and FPG decreased with age (7). We could also find similar trends using factor analysis with our data showing BMI was excluded as a major risk factor in subjects aged 60 years (Table 7 , Fig.  2 ).
Hypertriglyceridemia is a strong predictor of coronary disease in Japan (25) . Although there is a tendency for HDLc to decrease as TG levels increase, there is evidence that elevated alcohol intake causes significant increases in HDLc (26) . In the present study, serum GGT was used to estimate lifestyle factors such as alcohol consumption (26) (27) (28) (29) (30) . Recently, Yamamoto et al. pointed out that obesity had significant effects on serum lipid profile in young men, whereas lipid abnormalities appeared to be independent of BMI in older subjects (31) . Furthermore, they demonstrated an increase of both HDLc and TG in the influence of alcohol. In our study, TG was included in both factors II and III at age 40 and 50, while at age 60, TG was included in factors I and III. Factor III showed a reciprocal relationship between TG and HDLc, whereas in other factor, TG was associated with lifestyle parameters such as GGT or TC. These findings show that, GGT may be one of the factors that explain the incompatibility between TG and HDLc.
The role of BP in the group of multiple risk factors has been discussed for many years (13) (14) (15) (16) (17) . Saad et al. showed a significant correlation between insulin resistance and BP in Caucasians, but not among Pima Indians and Blacks (10) . Similary, Choi et al. showed that BP had no significant association with other coronary factors in Korean population (17) . Some investigators attributed this trend of hypertension to ethnic differences although these studies were characterized by inconsistent results. In the present study, BP and BMI were included as major factors at age 40 and 50. Considering our results, the age of the study population may possibly be more important than ethnic trend. Furthermore, the cluster patterns of multiple risk factors may differ with age.
Taken together, the influence of lifestyle-related factors appear to be expressed mainly as a function of BMI in young subjects, while this relationship appears to be less important in elderly people. The relationship between BMI and other risk factors older than 60 years should be examined carefully in future studies. Finally, further examination is necessary to ascertain whether obesity in elderly subjects plays a role in the progression of atherosclerosis. 
